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SYNTHESIS OF POLYESTER FOAMING RESIN

A

Prepared by
Jo Silver and J., Parker

ABSTRACT: In accordance with a jJoint program established
bty ¢the Naval Ordnance Laboratory and the Naval Air

- Development Center, this Laboratory has synthesized
approximately elghty resins for consideration as foamed
core materials in radomess Thesa rssins have been
forwarded to NADC for evaluation. Egustions for
caiculating hydroxyl mumbers and residual water content
have been derived and <heir applicability discussed. The
reaction of residual water in the resin with thé isocyanate-~
resin reaction product to form urea derivatives capable of

further crosa-linking through active hydrogens has been
consldered.

U. S, NAVAL ORDNANCE' LABORBATCRY
WITITE OAK, “IARYIAND
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This report describes the polyester resins synthesized for
the Naval Air Development Center in accordance with a Jolat
program leading to the developmen’t of improved foomed core
materials for radomes. This program was carried cut under
Task NOL-169-%51 and is now considered completed. This
represents a Tinal report on the subjlect,

EDWARD L., WOODYARD
Captain, USN
Commander

DAVID S, MUZZEY
By direction
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NAVORD Report 2u88
SYNTIESIS OF POLYESTER FNAMING RESINS
INTRODUCTION

i. 7he Nsval Ordnance Laroratory was recuested hry the Neval
Alr Developnent Center at Johnsville, Pennsylvenia, to enter
into a joint program leading to the development of improved

pn?vaa@nw-:ﬂi“annw-;nn&gs Crnmm FPan 1nmnon e candud alh madantanlae 4o
VayvTouta THeavULyaniave tOUNE 100 WOY G OANGWaUN TduSaadal Ak

radome strctures (references a and b), The Naval Ordnance
Laroratory, because of the availability of laboratery facilitles
undertook the synthesis of polyester resins whereas the Naval
Alr Development Center nssumed responsibility for the evaluation
of these resins as foams,

2. The polyester-diisocvanate foums were first developed by
the Germans in tre last war end certain tasic formulations
supggested by thelr work have deen further developed by DeFRell
and Richardson and the Goodyear Rubber Company in this country.
The latter has heen mainly responsible for the development of
new and improved foaming technicues (references ¢ and d).

3¢ The German resin and the one currently being used by
Goodyear 1s based on the esterification of adipic acid arnd
rhthalic anhydride with glycerol or trinethylolpropane to

the gonsistency of a thick syrupy licuid with an acid number
ranging from 2n<L0, Although this resin has proven eapadle

of meetinpg most of the present recuirements of the foam, it
wvas believed that the potentialities in this type of material .
had not been fully realized and that further improvements in
strength, dielectric properties and processability could be
attained through alterations in the structure of the resins.

4. Since the war other mono~ and polyfunctional acids and
alcohols have become availatle in commercial and experimental:
ocuantities and consecuently the synthesis of i+proved polyester
resins apreared to be Justified. Dr. H. Moore of NADC has
prepared a critical review of the chemistry of the present
foaming resins and has suggested twe main modes of attack in
improving the present foams (reference e). The first eonsists
essentially of a sereening program to mcdify the basic German
resin formulation with polyfunctional aleohols and aclds and
viscosity modifiers and to determine the effect of these resin
components on the viscosity, reactivity and properties of ths
foamed resin., A 1list of resin components for consideration in
this propram has been prepared by Dr. Moore in reference (e).
The second phase consists in synthesizing unsaturated resins
(Terpolymner type) which would attain wmaximum strength by the
formation of carbon to carbon bonds through addition polymeriza=
tion as well as through cross-—-linking with diisocyanates.

1
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CﬁEMISTRY OF POLYLSTER=DIISOCYANATL FOAMS

50 The chemistrvy of the polyester-dilscevnanate foam hos
teen described in several publications. Dr. Moore in ~
reference {e) includes a complete btiblicgraphy on the subjecto
Bsslcally a polyester containing an excess of hydroxyl and
carbtoxyl proups reacts with a difunctional isocyanate such

as tolylene diisceyanate (T.D.I.) to form urethane and smide
linknpes, respectively, with the simultaneous evolution of
carbon dioxide. The iatter is entrapped in the viscous

fluid, expansion oceurs and through cross=linking, the
reaction mass 1s ocuickly polymerized.

©o. Polyester resins are prepared by condensing polyacids and
polyaiconcls with the elimination of water., With difunctional
neids snd slcohols as reactants, the resin formed is linearo
The physical properties are determined to a considerable externt
by thz chain length nnd depree of crystallinity and hydrogen
bonding in the resin, the latter in turn being &z function of
the molecular structure of the reactants.

7. Polyester resins used in the preparation of foams, however,
are synthesized from tri-functional alcohols and dibaslic acids.
This tri-functiocnalitv Jeads t» chain prowth in three dimensions
(cross=-1inking) and eventual gelation of the resin vhere eculi-
molecnlar amounts of scid and aleohol (OH/COOH mole ratio -~
1.5:1) are used relation occurs st about 75% esterification.
This is undesirable from the viewroint of processability of
the fogm since a licuid resin of pourarle viscosity is necessary.
Any incresse in OH/CNOH ratio results in a lower molecular
welipht product but avoids the tendency to gel, The German
goimuletion is based on a OH/COOH mole ratio of 2:1 as shown
elovw:

Adipie meid 2l 2 COOH
Phthalic enhydride 0.9 - 2 1 (COOH)
‘Glyecerol L ,0 3 i2 (OH) -

8. Uhen polvmerized to an secid number of LO, this resin has

a viscosity of atout 700 ?oiseso lneressing the ratio (greater
concentrrtion of pglycerol) results in free glycerol in the
reaction procduct vhich 1s detrimental to the strength of
resulting foam. Decreasing the ratio to below 1.8:1 would
probably result in an extremely viscous and probably unusable
resin st an acid mmrer of LO. It is obvious that effecting

a change in proverties of the foam through variation in the
OH/COOH ratio is seriously limited.

2
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9. Py employing the German formisntion as a base it 1s

possibie to vary the properties of the foam by substitution

of other difunctional acids for adipic and trifunctionai
alechols for glyceroi. Condensing the resin to an acil

mmber of 40 with a given wviseosity is not always neasible

a3 each of the substituents used has & specific effect on the
viscosity of the reaetion product. Lowered viscosities may be
cnmpensated for by decreasing the CH/COCH ratio. Increases in
viscosity are more difficult to control in that the use of
modifying agents may be recuired. Ihese agents are usually
mono= or d!funetional aleochols or acids which lower the
viscosity by deereasing the eross=linking in the resin. This
may be detrimental since softer foams uswally result. Compensa=
tion for this softening effect can be made by the use of
substituents contributing to the hardness and toughness of

the foam. This includes aromatics (phthalic anhydride), )
halogenated acids {(bromo=succinie), unsaturated acids (maleic)
or the use of higher functionality substitvents (penteerythritol).

100 KNumerous combinations of formulations are evidently
poesible, By systematically studying these comnbinations in
terns of visescsity, reactivity with diisoevanates and the
rhysical and electrical properties of the foam, i1t is probable
that a new formuilation can be developed with properties
considerably superior to those of the German formulations

EXPERIMENTAL PROCEDTRES
Resin Preparsation |

1l. A sketch of the apparatus used in carrving out the
esterification is given in Fipure 1. PRriefly, the resins
veyre nrepared in three necked flasks heated by Glascol
ecuipment and under an atmosphere of nitrogen. ‘later of
reaction was condensed and measured in graduated cylinders
attached to the receiver. Residual water in the resin can
be removed by vacuum, The resction was nsually carried out
over a period of several hours at meximum teaperatures

Ao

ranging from 130°C, = 250°C,
Analytical Methods

12, The analytical nethods ewployed have been set forth in
reference (f). In view of the considerable amount of time
involved in snalyzing the resinsg and the conflictiing desire

to increase the output of resins, caleulated values were often
used for water content and the hydroxyl number. Formulas were
derived, whieh allowed caleculation of these values when experi-
mental data on aeild number and the amcunt of uwater of condensation

3

CONFIDENTIAL
SECURITY INFORMATION

PROUUUR s e i s i ot 1 e D -




CONVIDEWTIAL

NAVORP Report 2L88

in the receiver was aveailabiz. A summacy of the enalytiezl
data ard cooking schedules are given in Table 1.

13, BResldusl wgter content: The first group of resins
prepared in this program {(Table 2} were checked Tor water
content by the Stark=Dean method. Thls method was considered
lesst desirable for many of the resins as contimued heating
¢causes further esterification and consecuently high water
values. The Kari Ficher method was attenpted on a small
mimber of samples but the results were nct considered reliable
bacsuase of poor reproducibility and was ebandoned in faver of
calculated data., FMurther refinements in technicue sre probably
necessary. Reference (i) discusses the derivation of the
formula for caleunlating the water content of the resinz., The
final formla is given beicws

% H0 = Wp = 4RC (b o 2FEBX
2o
w1 = wémwa =z residual water in resin pius water used in
hydrolyzing the anhydride (gm)

We = 184X =z totel theoretical water of esterification (pn)

Wy = total measured weipht of distillate (gm)
AX = (X, = %EE = number of mols of CONH reacted
Xo = initial number of mols of COOH in reactants

a = initial nmimber of mols of anhydride in recactsnts

an

n = acid mmber

R = Rg ~ Wy = welpht of resin batch (pgm)

Ry = initial weight of reactants (gm)

m = 55,1C0 = 10 3 x the molecular weight ¢l KOH

This calculation, however, ignores the pcossibllity of etner
formation and depends upon the aceuracy of deteruining tae
weight of distlillate and the estimated extent of anhydride
bydrolysis. UtWhile the ecuation eould be useful in production
synthesis of & single resin type, experimental volues shoulid
be determined where the resin reaction characteristics are
unknowno
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14 Water values for several resins were chtsined with a
vacuum=ovan method which is considered the most reliable of
the several methods studied. Where avaiiasble these values
should be used in calculating reculred T.D.I. for foaningo.
I'sgsentially, this method consists of =easuring the loss of
w2ight of a pgiven sample in & vacuum oven (15 hrs @ 80°C,)
and measuring the change in the acid #. By accounting for
any water of esterification formed ond assuming thet no loss
of non-aqueous constituents cseurs, thie following formila was

used to calculate residual wgﬁgr contento

% HoO = W = ! (ro=p3) .“@Q 10
2 D T = Xl

vhere: 1y = initial sample weight (gm)
T2 = final sample weight (pm)

AW = %,8; (nyrq=nprp)

initial seid mumher

LY

s |
np = final acid number
m = 56,1C0

In some cases the correction term & w may be neglected, however,
ry

it should always be calculated where the resin reacticn chzracters=

isties are unknown or where the resin is known to be far from

its water—ester ecuilibrium. In the latter case the acid rumber

may choange considerably making the correction term appreeciable.

15, Unfortunately this project was terminated before water
values by the vacuum-oven method for all of the resins.
syntheeized could be ohained. It 1s suppested, however, that®
NADC carry out such determinations on those resins which avnpeax
to be most promising,

16, derg;z% pumber: Standsrd acetylation technicues
{reference f£) were used for determining hydroxyl numbers for
many of the resins tabulated in Table 1. An ecuation wes
derived (reference 1) permitting the calculation of hydroxyl
numbers when corresvonding acid mumbers were known. In order
to concerve time, calculated values were later used rather thar
the experimental values. The following formila was employed tc¢
caleculrate hydroxyl mumbers:

D
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hon +<% (To~%o)

h = hydroxyl number
56,100

R = original bateh weight minus the water
of distiliation

38

Y, = total mols (H charged
X = total mols COOH charged (including annvdride)
n = acid mnumber

17. For many re3ins, the agreement between experimental and
calculated values are very good; in others, the differences
between exverimental and calculated values are of the sams
order ns that between experimental determinations. Further
work on refinement of the standard acetylation technioue
appears necessary a8 low results are often obtalned unless
larre excesses of acetic anhydride are useds

18. One limitation to the formula as it is used is the

posasible reduction of hydroxvl number through etherifieatlion.
This reacztion is difficult to measure and thus is not considered
in the formula. No corresponding change in acld number occurs
with the loss of OH = proups in the formation of an ether,

In view of this fact, direct experimentzl determinations are
considered more reliabls than calculated values unless it is
known that no ethers are fo.med during the resin synthesis.

i9. tal TeaChivVALY LD ng_water content

analvsiz made by C, Beyer and coworkers (reference g) of network
formation for rolyc=ster-=diisocysnate elastomers ("wvulecolians"),
the water content. of the polyester ton be used for foaming gshould
be considered in the calculation of theoretical ouantities of
tolylene diisceyanats {T.D.I.) (reference i).

ont: In view of the

20. Previous calculations based on the assumption that one~
half or one molecule of T.D.I. was reauired for reactlion with
one molecule of water gave results indicating that the T.D.I-
recuired for reactlion with the water in the polyester was
neglipidvie-. The considersble excesses of T.D.Il. needed for
optimum resuits in the cases of many of the polyesters secmned
to have some reletionship with the water countent.

6
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21, Recaleulations tased on the
srowad thet the zsount of T.Do.lo
excess vas In many cases less th

22, Tollowing Beyver's reasoning the following reaection
schema 1s set up:
I, :
(x + ‘;ecrr,/\]cq_,, ) + X (1o ~Eokvester o)
R

5) . figiwasiia ~—HCO\- 0= Polyester-0-oopH
mico— o ~Pelkrester. ooon—< } o]
N B %8 ,é, A~

23, “his reaction emphasizes the possibie evils of too

great an excess of T.D.I., particularly where there is little
aross-linking in the polyester. A 1:1 ratio of T.D.I. to
polyester functional proups would result (theoretically) in
only one polyester unit per molecule. It seems likely that

g ratic somewhere between 1:1 and 132 T.D.J, to polyester
funetional proups would be optimum since it is desirable

that the produect of (I) end with a T.D.L. moleculs. For
present rurposes of calculation the 132 ratio is chosen for
maximim chain lengtho .

24, The product of I is capabie of reactlon with water te
form a substituted urea. |

T, e R el
i, ' !
2 | OCK-{" “r-CHy !
! N ¢NHCO-} O-Polyester,)
| mco~{-o ~Ralvester scon-<" 2 At L
i Fol UHB- X (’% '
Neoco N NCOR X
e TR, / )
g ROCN =L i;- v L >
H CH3 U CH4 H + Ci’)2
7
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25, The reaction product of II possesses two active hydregens
8t the urea bridge {arrows) which may reset further with
isocyanate increasing the cross=liinking.

26, In the ahove reaction scheme it can be seen that 3/2 to
2 mols of T.D.I. are recuired for one mole of watero

27, If all of the polyester functional sroups may be considared
to reset eocually with the T.D.I. the total number of mols of

reactants (rnivester functional proups pilus water) will be
. [ ]

(’5"6%0'5‘" * ‘1‘3‘8‘6‘{)

acid nmumber

g

34

hydroxyl number

g = grams nolyester

U

~ s
=~

28, The first term is the number of mols of polyester
functional groups, the second, the mols of water in the
nolyvestero,

29, TFrom reaction I the ratio 1:2 for mels T.D.I. per mol of
pelyester functional groups was chosen. For the mols T.D.I,

per mol water the ratio 3:2 vas chosen, since only one of the
ureg bridge hydroyens readily reacts which 1is analogous to .
similar reactions of T.D.I. and substituted ureas {refererce z..

30, The theoretical weight of T.D.I. per gram of polyester is
thens

1/2( p + 3/2 W “" i
DAty > g |
(MW of T.DoIo = 174 )
or
AU X L_‘glo = 1055’ Sn 18 !;vl\ +* ‘Ool?"i; W
gma. Polyester 1000 P
8
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2. This caleniation has been carried out for most of the
resing sent to the Naval Air Developrent Center 2nd the
Tesuits tabulated in reference (j). 'herever there is soms
cuestion of the proper water content, new values shonld be
sbtained for the above formulation. It 1s alsoc necessary o
call attentiocn to the fset that acid mumbers may be expected
to echanpe on storage of the resin as it tends to reach & stale
of ecullidbrium. Wherever resins have been stored for long
perlods of time, it may te worthwhile redetermining acic
rumbers and water contents.

DISCUSSIOoN

32, Approximately eighty resins were forwarded to NADC for
evaluation. These resins, slong with data on thelr geid and
hydroxyl numbers and residusl water content are listed in
Tables 1-6. A considerable number of other resins were
attempted but either due to the incompatibillity of the reactants
orr tu the formation of gels or solids, they are not considered
warthwhile reporting.

33, In the initial phase of thls program, a wide range of
r2sin compositions was attempted in aecordance with a projected
line of attack agreed to by NADC and NOL {(references b and hJo
It was planned to prepare each resin in 2 acid numbers, L0 and
60, and 1f possible within a wiscosity range of 600-=700 poises.
These resins are tabulated in Table 2. I%t was found, hcwever,
that with variations in OH/COOH ratio and in concentration and
type of reactant, the resuliing viscosities often varied 1n sn
unpredictable manner. By the use of visecssity modifiers (di-
and mono=functional constituents, viscositles were subjeel Lo
closer control but usually at some scarifice in asvallabls
cross~linking groups.

34, Resins in Table ¥ were synihesized mainly with the idea
of studving the effect of reducing the hydroxyi number through
the use of monofunetional substitutes on the viseesity of the
resin and on the physical properties of the foam. The theory
had been stated (reference @) that due to rapid gelation and
resulting steric hindrance nct 2ll ¢ the OH groups react with
the T.Dol. in the foaming of the stondard German or Goodyeay
resin. It was assumed tha? using modified formalations e
raduetion in hydroxyl number conld te pessible without
effectively decreasing the depree of cross=linking through
reactive CH proups. Sueh a reduction in OH mumber could
roasult in lowered water aboorption 2néd imrroved dielectric
properties provided all of the available OH groups would

react with T.D.I.

G
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35. Resin TR=1b contained acryliis acid as a monofunctional
substitute. This approach should prove to be proanising as

it suggests a means of preparing formulations with reduced

OH number., These resins would require less diisocyanate and
vet attaln the proper depre= of cress-linking through addition
poiyunerization of the acrylic constituente

3. Table § listas resins prepared with trifunctional aecids
and difunctional aleohols. Thess reaetants are used in some
resins in suech concentrationa that the mol ratio of hvdroxyl
to earhoxyl is the inverse of that of the standard German
resizn without s change in the overall number of avallable
reactive groups (n + h). Beecause of the high acid mamber,
exceedingly Jow density foams should be possible with this
class of resins snd consecuently provide & mathod for
adjusting the density of foams without resorting to the use
cf diluents such as water o- acetons and possihle deprsdation
of physical properties.

37- Table 3 represents further variations in the standard
Germen formilation employing additional difunctional acids
and aleohols. Attempts were made to substitute terephthalie
aeid directiy for the phthalie anhydride btut no easy esteri~
fication of the acid was ohtained. It was necessary to
esteri’y the terephthalic acid in an excess of diethylene
glycol and to add the reaction preduct to glycerol and adlnic
eeild and continue the reaetion. This accounts for the low
viscoslties of resins containing terephithalic acld. Thase
resins c¢an be considerasbly improved by developing a method
for esterifying the acid with glycercl without the use of
diethyiens glycol, Further work along these lines should be
carried out as terephthalates may conceivably contribute
rsreater strength and s higher heat distortion point than the
rhthalic anhydride (reference k).

38. Resins in the "D" series in Table 6 were formed by
condensing hydroxy dicvasice aeids with difunctional alechols.
The sim of thils series was %o prepare llinear chesins with
per.od.icalily spaced hydroxyl rroups avallable for crosse
linking with T.D.1. By varving the position and number of
OH eroups in the chain, it should be possidble to vary the
rate o7 the resction w{th T.D.I. and to control the pour
oint viscosity more closely. Actually the OUH groups enter
nto reaeticn with the hydroxy aclds and the concept of
controlled spacing of the OH group is difficult to achieve.

39; Resins formilated with pentaerythritol are listed in
Tebdle €., As a polyfunctional alechol it has found conslderabls
i0
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use in =21kyd vehiclies for varnishes by contributing toughness
end herdness. By analopy, the use of pentaeryntol could
contelvably result in foams with increased strength. In
practize the tetrafunctionality of the pzntaerythritol resulis
in repid gelstion and considerable difficuliy was experienced
in preparing resins with both the proper acid number snd
viseosity. Modifying arpents with difuinctionaliiy were used to
yield resins with satisfactory viscosities possibly offsetting
any advantage derived from the pentaerythritol. Additional
formmlotions should be ecnsidered asiming towards incorporating
the wmaximum amount of pentaerythiritol in the resin.

L0, The synthesis of unsaturated foaming resins formed ths
second nmajor portioa of this propgram. Unfortunately, only a
small number of resins were attempted and of these only three
vere sent to NADC, This type of resin would be desirable in
that it offers a method by vwhich large reductions in the use

cof T.Dolo would be possibie without loss of c¢ross=linking. For
example. unsaturated resins with low acid nmumbers and hydroxyl
numbers could be reacted with TeDel, The hydroxyl number shoul.d
be the minimuam remaired tn cause sufficient thickening of the
réain €o retaln the gas as it is formed. Subseguent hardening
and deveiopment of strength properties can be attained {hrough
adddonal polymerization of the unsaturated bondso.

H1, Due to the ilnearity of these resins it becomes necessarly

to employ cross=linking agents {styrene, diallyl phthalate, eta)
in order to obtain any degree of satisfactory strength and, also
€0 thin the resin to & suiteble visceslty. The choice of typs
and amount of cross-linking agent should be studied simuitaneously
vith the synthesis of thess resins. Compatibllity of the cross-
linking arent nust be considered and modification of the resin
may be necessary to improve compatibility. In addition the
eatalytic system used to pclymerize the resin must be considerad
in developing a technioue for foaming these resins. Resin IIA-l2
is a simple ecuimolecular combination of difunctional alcohols
and acids including maleic snhydride condensed to aecid and
hydroxyl numbers of about 40. Resins are closer to the

standard German formulation in that trifunctional alechols

are emploved end the renstlcon produet has a high hydroxyl

namber., Hydrocuinone was used in ITA<9 to impart possible
toughnoess to the foam and to improve the compatibility of the
resin with styrenes

CONCITTSIONS AND RECOMMENDATIONS

42, Approximately 80 resins representing several basic types
were synthesized and forwasrded to NADC for use as feoamiug
materlials in radomes.
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43, Formilas were cerived to obtain epproximate values of
the hydroxyi number and water content. In view of the errors
inherent in these caleunlations ¢ 1s suggested that direct
experimental procedures he empiayed to obtein these dats when
the naturz ¢f the reactions iz unknowno.

Lk, The importance of water content in caleulating the recuired
TeDnlo for reaction was pointed out and an scustion derived for
this purposeo.

4%, It is recommended that in the future an integrated progran
of resin svathesis and evaluntion be orpganized under the direct
r'esponsibllity of a single group. The progress of the program
is dependent to a consilderable extent on results cbiained in
the evaljuation sf the resins. Separation of these two functioas
as in the present proecram resulitas in delays and prevents prcper
plammiag.
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Tabls 1 Analytical Data and Cooking Schoduies
Roskn Stariing Haxisom Hours in ol Fionl Content
Inta Terp.%C.  100°s:iax. Cooking Acid # Bydruzzl Forhor
Cooking °C. teim. Acid Ro. ot Sterlke Freo1 Shlvoing
. rangs shipping DTean Pigher Vacwrm  Galculated Expe Caloulnied Dnte Fota
I-1 LYV 210 2 55.3 Bi.7 1.8 - G060 e £31.5 g, 105
I=2 6/30/50 205 4 42,9 42,90 : P - 0.84 396.8 513.1 8
1I-1 6/19/50 185 G/l 67.1 65.0 2.0 - 0.66 500.1 ugiL, & " P-toluens svifonic neid,.? g
1.2 6/26/50 210 IS 46.2 46.2 1.7 - i35 u78.2 5 =
I3-2a  5/25/51 201 5 .6 39.2 0.3 - D ik = u37.4 July 1951
1=l  10/15/50 143 b 63.2 65.70 e - 0.70 L3G.0 4.7 Arug.1950
ill=2  6/27/50 200 2 41.1 Lo.6 1.7 = 1.22 4746 1.8 #
Iv1 ;419/50 170 3 65.4 £2.9 2.0 = 1,81 3579 40,2 ®
I%=2 o/ %7/5% 65 5-1/2 46,2 46,5 1.2 = 0.6 278.6 378.2 n
- 1/515 165 ied B 67.9 6549 2.4 - 0.0l 392.9 385.3 "
T2 2/5!50 165 5 43,0 43.0 1,9 - 0.00 87,7 & "
v-1,2 /30/50 1{5 & 23.5 25.8 1.7 = = - 35%.13 Sent ., 1983,
75=1 1/8/50 120 7=1/1 55,2 65.0 2.7 - > 437.9 Is.0 A2, 1950
Vie2 a5 210 F=3/% U6l 46,1 Jed - - h26.5 45,2 "
VIF=l W:g/so 160 6-1/2  50.5 60.0 0.6 = - 3033 32002 Oet. 1550
Vile2  7/26/50 160 g=i/% us.8 U, 7 0.4 - - 275.4 - "
Vi1  8/24/50 i72 i 65.7 0301 3,9 - = g T hey o &
viil=2 &/24/50 173 10-3/%  40.1 U0, U 0.8 o 0,032 3o4.,7 - 4
=1 10/%/56 i? 5 e 55e3 - = Lods 258 .8 e ApP.1951 Al Yoo Tovercged
LK 10/4/50 165 &=1if2 Lo 4.5 0.1t - 8.2% 300.3 39364 1 &
Xir-l  8/30/50 187 & 63.3 653 O = - 36505 H4eD Oub.1950
X1r-2  8f30/50 187 10 55,3 ue. 7 3.5 s = 363.5 = 4 icid Fo. reversed
A=l 8/R/5% 181 16 G6.8 Bioli 348 - = 425,41 - " "
XVee2 8/ /50 7.5} 20 146.8 42,3 - - e 4i5.1 - 4 "
xvi-l  8/23/50 170 4 59. €0.6 - - 337.1 ’ *
mua 5/23/50 170 5 u?o w-b 202 e il 38601 =] 2 A
Xvi=l 9/6/50 163 5 Eh.1 3R 5.3 - - 298 .7 - & “
XVII-2 9/6!9) 178 G=lf2 uo.g 9.2 4.2 - o 3ik.6 - 8 »
XvIiI-1 8/16/50 py e 10 €5, gh.5 2.7 = 8,88 315.4 472.8 = u
xviit-2 8/16/50 180 11-1/2  Bh,.9 5.5 0.9 = 6,38 L20.7 o 5 a
X1 8/17/50 184 g 66.1 £2.9 0.8 - " 32518 1.5
X2 8/17/50 ek S=2/Y By 35,3 0.8 - e 26%,1 - ?
X33 9/21/5 176 8 53 8005 2.k = = Leb X 85508 4 4sld Mo, reversed
-2 10/23/50 20 7 g 3,2 - - mhh  YA3l3 sew.1051
XXv-2  10/22/5¢ 1% tel/2 5hal FO.LE = G.3 « 63,6 L3z, &
X¥=3 643/ 17y 3 2302 By 4 VR . = 3504 July 195
1410 5;‘5(51 19 16 38,3 8.3 - = 2.7 0.2 260G,
w11 B/14/3 L7 iz U3 %7.3 = > D! = = Bepe.liil
wel3  6/2/51 170 18 Gty TR0 Lo® = ~ b 3
woifl  gim/fEy 200 -1fz 578 - - E o o 0.8 - EO. £ '
=18 g/ii/B 193 iz EEE 39,0 - = - .3 - 1R Caot.laz
TAADD ?112/51 w!.-?:‘ alali'i’ 2‘3:‘;! }4_303 = ~ L& zr{_“i Q,L’ E'A,"-l' %3 O \‘g.‘.:_?sl
w2l T/3fsr 2 eafl 0B 225 e 1 :

i
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Tavle 1 {econtinusd)

Resin Starting Maximem | Hours iz Final Final £ Water Contend
Date Term.®C.  100%~Mpu. Conking Aeid Erdenagl Tanber
&,

Cooking $C. Yoo, Acid To. al Staris- Kazl Shiprning
Ty

oy g n T saYynn T ey T T R . I R T
e PO R [T IR [P ey H

z » o s e o it v
R PR3 i LD CaLGunatnd 16 Wasa

=55 7/i3/5 120 Sh-1] 2

051 - - -
IA=2 7[17451 230 20

L

| - ;,g%i s::ptz,’lé”%’i

L}

w2 7/18/%1 205 24-1f2
-7 8f2/51 190 g
=28  8/22/51 193 g~3/Y4
-29 8/2if51 120 ir-1/2
IMm30  8/21/51 175 18-1/2
18-31  6/28/51 145

32  6/29/51 155
L33  6/30/51 210
Ir-33a

gva o

2 s T avd
g - 35305 R
«{-} i i 1&5006 #
7 = 347.0 Out.1951
'a":‘;i B ?—;"?og H
LBioﬁ SGP'.G 0195‘1
- - 437.0 "
T e an . C ,‘}6 Eal = 399“3 "
= 2 - 60:;; L ?201 #
= " = GCE L ‘!‘190? o
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6, 0
g el ki ~ =™ F ~ A Ay, e
=3 5730/ ic0 3 " Je viSE o ida8
-35  8/3/5 195 AZ 200 70, = = = A - §13.,0 Cut. 3552
IB-1 1(,)/ 25/50 209 g : 5.0 oo 0.2 .27 3.5 26.% 325,0 Jve, 1853,
Pl Co o L - 1 = o i i
IB-la S 10/‘,'}1 0 Gunay & ;.(u. = = = = GoD . 5850 % e 1954
IB-3 1 /ef6e 125 10 b2 u7. 4 0.7 % N, % 285 A 9, hyom T OR
o fer | 1 i) ) - TSt SRR e - .
15-42 11,2235, gg bt :;—-, if fu;’; ’_!;‘2‘,22 0.2 2 2 cs 3638 o ! Acid Bo. revarssd
IB-1 11/22/50 159 17 .5 5065 T > - - 255,13 o 9
=1 13/23/% 165 5 48,3 B35 0.9 © - 200.7 = "
T - ~Yym - [5) - P ol
B=43  12/21/50 2he =344 el 33.5 Geb ~ 5 e 0% 1 % #
& P M o = Ly e i Y, 3 e =
Is-16a  2/15/5. zed 5 4701 32ek Qo e o e 488,68 o w 0.5 gu hydroquivono
oR y L, = - I 0,58 secrossl
I8-17  if25/% T i3 A i Ot - e 251,53 253140 a
16-10  11/10/50 =6 25 U504 Bt 3 - - 1.9 - 1500 S, 165
Ic-16 g/ 20/%51 170 - a6, 2 395,9 - - 0.6 - 167 & %
1C-19 ,./; }é/ﬁ: 120 a-1/2 :._"::J—s. 253,06 - - 1.7 13 - 25k July 1651
10-30 8/17/53 210 a 12,5 2.5 - = . Oolt o 45.9 0ct.1651
1= gf11/5% 130 Yolj2 2u7.1 24%5.8 - o e 3.8 e 2458 "
- a9 £ s hyd Ny R e - oy w— « 2
ID-5 h/19/51 160 © 22.7 2a.§ = : s Z.5 o 45,7 July 3951 Residual HeQ vacuam removod
4 dwrings land houm

ID-6 3/38/52 168 15.5 52.8 52,8 - - 0.3 -
I~ 5/ak/5 16w iy h2.3 42,3 : . 3 o ee
IPa2 65/ 1ER i2 652.5 TR -5 = - X8 - &
154 3/20/51 1T L3 27.3 7.3 w > % ‘. -a

| e s B P —— ki Bt T - BB o e
IF"’B 6120[51 20 '.',}”.T.f‘ < el :\ Fai s . & o = Sept. 931
TIA 8/23f51 165 15-1/2 692 69,2 - = ~ 1.3 = Dot 1953
TIALID InfTaina 2uh R S b3 L ey » 5.00 = 4
IA-13  §f2L/5L 158 9 22,2 2.0 > - i ot - u
55 6.5,90 SN lod 40} ahn AN M2 N - - - G0E - il
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Coarvos itiona

.xdipic acld

: hthaldic anhydride

~lycercl

'E"i"tati'ylolnmnana
i,4 Dutariediol

Adivie acid
phthalie arhyirida
Rlycercl
Iricthanolanine
Triisoproparolaaine
1,2,6 Foxanetriol

OH/CO0E (mole ratio)
Viscosity (poises)
Acid #

Adipic acid
rhthalic anhydride
Carbic annydride
Glycercl

1,2,5 Iexanetriol
1,3 Butancdiol

OH/COOH (molc ratic)
Viscoaity (poises)
Acid !

a~mcle concentrations

I-1
205

0.5
4.0

2:1
655
61.7
V=1

2.5
0.5
3.8

1.9:1

I8
¢ \Nn
0

7
[ ad

°
WUt

pwoy oy
0 o
»

1.8
‘G[.*

21000 >1C20 31000

56.3
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Table 2

23in Coumpsitions

i=2 II=1 Ii-2 II-2a I1i=1

205 Aﬂcs 207 2(6 205

0.5 0.5 0.5 0.4y 0.5

hoo 398 303 206 -

= - - - 4.0

- - o= ng o~

2:1 1,01 1.9:1 1.8 2:1

658 A5 730 > 1000 1600

14209 65o0 l"-éroa 3961 6507

V-2 VIl VI=2 VIiI=1 VII-R

2.5 2,25 2,25 2.5 2.5

0.5. 0.75 0,75 0.5 Co5

- 3.8 398 & -

393 hes. - - L)

- - - 3.6 3.6

1.9:1 1,9:1 1.9:1  3.8:1 1.8:1

645 ;1000 31000 1000  »i000

L3.0 66.0 46,1 60,0 b7

-2 XII-1 XII-2 XV=1 XV=2

1.5 3.0 3.0 5.0 5.0

105 300 399 . o

- - o loo 180

- 600 690 7;6 706

3.8 - - - -

L) 200 290 o =

1,9:1 1.8:1  1.8:1 1.9:1 1.9:1

412 21000 »1000

J.6 653 46.% bliols 2%
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II1-2 IV-d IV=2

4.5 2.5 2.5

G5 0,5 0.5

lfoo 3 08 3m8

2:1 2.9 1.9+
21000 725 31000

40,6 62.% 1&605

VIII=1 VIII-2

2,25 2.25

0.7 Q.75

3.8 3.8

1.9:1 1.9:1

435 21000

65,1 4Coly



o
Counposition

wdiple acid
Phthalic arhydride
3ebacic acid '
Tetrachlorophthalic
anhydride
Glycerol
Triethanolanine
1,3 Dutanediol

OH/COOH (mcle ratio)
Viscosity (poises)
icid f

idipic acié

Fhthalic anhydride

fetrachlorcphthnalic
anhydrice

Laleic anhydride

Giycerol

1,3 Dutanediol

1,4 Butanediol

OH/COOH (mole ratio)

Viscosity (poises)
Lcid l;"

a-mole concentrations

CONTIDEIT L
YO lepori, 2488
lable 2 {continued)

XVI=1 VI3 AVIT-1 XVII=2 ZXVIII-1 XVIII-2 ZXIi=1 h.ap Vi
300 500 300 3@0 - " v 2
- - - - 3,0 3.0 3.0 3.0
- - - - 2,0 3.0 3.0 3.0
1013 lol\B _'599 300 S -, N )
706 706 600 600 SQO 800 o o
- - - - = = 3,0 8,0
- - 2,0 2,0 - - - .
1,8:1 1.8:1 1.8:1 1.8:1 2:1 231 2:1 2:1
815 7 1000 )1000 21000 »1000 .000 >1000 1000
60.4 Lib blyol. 49,2 6405 L5.5 68.9 Eol
ZKiI-1l XXIi=2 XA{V--2 XXV=3
4,0 4,0 3.0 3.0
100 J-oo &= -
= b 393 4.0
100 loo )
7.6 7.6 6,0 6.0
- = lboo e
=) - - i‘oo
1,9:1  1.9:1 2,2:1 1.9:1
21000 >1000 545 -
6C,0 3he2 50.8 5302
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Compos ition™

Adipic acid
Terephthalic acid
Phthalic anhydride
Tetrachlorophthalic
anhydride
Diglycolic acid
Trifluorcacetic
acid
Dibromosuccinie
acid
1,4 Butanediol
Diethylene glycol
Glycerol
Trimethylolipropane
1,2,6 Hexanetriol

OH/COOH (mols ratio)

Viscoaity (poises)
Acdg 7

Adipic acid
Terephthalic acid
Suecinic arhydride
Phthalie anhydride
Ethylene zlycol
Diethylene giycol
Glycerel
Trimethyloipropare
Triethanolanine
Triisopropanoclanine

OH/COOH (mole ratio)

Viscosity {poises)
Acid #

a=mole concentrations

1A=10

=\n
© o
(o Xe

t 3 l§03 (2 |
o

e
°
(8

1::9:1

o545
8.3

LTINS AV (W R O

Table 3 Resin Compe
IA=-11  1A-13  1A=14 1A-16
390 e = 500
- - - 1.0
b lno leo i
™ < et 3@0
s 600 690 -
s 2,0 - -
lco S (x4 o
2.0 4.0 3.0 =
= i = 3.0
3.5 7.0 7.0 8.0
1.8:1 1.8:1 1.9:1 1.7:1
L26 31000 - 31000
I+703 llool 5305 3802
1A-2, 1A-27 1A-28  1A=29
5.0 5.0 5.0 5.0
190 e L -
- 1.0 1.0 1.0
300 200 200 100
- €3 % -
- - 5.9 6.9
506 - el e
1.9:1 1.,9:1 2:1 1.9:1
136 216 200 >1000
29,1 36,1 34,5 34,9
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pu-gt ST R

1A«20
5.0
1.0

£
&
S

-]

)
SCOoOO

A A
o

10931

»1000

4946

=21

Hwig H
N
=

[+3

§ twg Wiy

-t

O
=

&
o e

489

&
o~

1A=22

5.0
1,0

3.0

5.6
lo9£1
66
40,3

e
1
N

]

FoXe)

9?"9 —3:»!0-"\!\!8
o o)

Q:1
52.5

W
33
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Table 3  (continued)

Conposition® 1A=33a 1A-34 14-35
Sucelnic anhydride 5.0 5.0 £.0
Phthalic anhydrids 1.0 1.0 1.0
1,4 Butanediol -~ 3.0 3.0
Trinethylolpropans 5,8 - 5.6
Triisoprepanolanine - 5.6 -
Ethylene Glycol 3.0 = -

OH/COOH (mole ratio) 1.9:1 1,921  1.v:1
Viscosity (poises) #1000 320 1000
Acid ,,1 aoé hgog 30@9

Couposition® 1B~1 1B~3 1B-12 1B=13 1B-l4 1B-15 1B-16 1B=17
Adipic acid 5.0 5.0 5.0 5.0 5.0 5.0 5,0 5.0
Phthalice anhydride 1.0 1.0 1.0 1.0 i,0 1.0 1.0 1.0
Olaic acid - - - - - - - -
Caprylic asid - 2,0 3.0 4,0 2,0 - - 2.0
Laurdic acid - - = - - 2,0 - -
Acrylic acid - - - - - = 2,0
Glycerol 8,0 8.0 - - - - = -
Trimsethylolpropane - - 8,0 oo 8.0 8.0 8,0 -
Triisopropanolamine = - - 8.0 - - - 8,0
OH/COOH (mole ratio) 1.7:1 1.7:1 1o6:1 1.5:1 1.,7:1 1.7:1 1.7:1 1.7:1
Viscosity {poises) 764 206 Zb 549 337 320 1000 »1000
Acid # 28,5 L7.8 42,2 50,5 50,5 35,6 35,4 52,0

a-r1ole concentrations
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a
Sozpasition

Adipis acid
Azelaic acid
Citrdc aczid

Bvan acidb
‘aleo~Finaric acid
Caprolc acid
Phthalic anbydride
Terephthalic acid
G.L:YC ol
Diethylens glycol
1,4 Butanediol
2=0ctanol

OH/COOR (riole ratio)

Vlscosity (poises)
Acid

1.0

!5&8
0.4
0.,9:1

310
543

a=10le concentration
b-carboxy-methyl mercapto succinic acid

-1
Canposition

Adipic acid
Azelaic acid
{alic acid

1,4 Butanedicl
Pentacrythriiol
Sorbitol
Caprylic acld

OH/COCH {mole ratio)

Viscosity (poises)
Acdd

a=l‘cle concentrations

2.2:1
92
22,7
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Table £ 2esin
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Compositions

1C=16 1019 1C=30 iC=31
3,0
3.0 4,0
5,0
3.0 4.0 3.0
3.0
0:)5 OOS
1,0
4,0 400
3.0
4.0 2,0 6.0 2.0
0721 1:1 0.8:1 1:1
$1000 W3 920 510
395.5  254.6 142.5 245.8
Table 6 Resin Compogitions
1D-6 1D=7 1E~Z 104 105
- 2,0 7.0 =
= 105 - - 3075
100 890 LD - e
1.6 10.6 1.0 6,0 4.0
== o loo 350 (ol
- o - P 1.5
- = = - 1.5
105 1 l ‘3 l 5 1 lo?:l 10931
>1000 >1000 »1000 126 L6
52,8 42.3 6l.5 27,3 20.6



Co:xpositionﬂ

Adiplc acid
Malelc anhydride
Phthalic anhydride
Terephthalic acid
Fumariec acid
sioncethanolanine
Nethanolamine
Etnyiens glycol
1 910 Bubanesdiol
Disthylens glycol
Glycerol
Hydroquinone

OH/COCH (mole ratio)

Viscomity (poiases)
Acid f;"

=
==
$

o~ g
o ©
o O

a=0cle concentrations
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Table 6 (contimued)
11412 TIA-=13
= 2,0
6319 =
106 2O0
" 3,0
8,0 2,0
G 603
1:1 1.9:1
- »1000
40,6 26,0
CONFIDERTIAL
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IITA=Y I7A=2
60\1 600
LoO LoD
2.0 1 0
s -
2.0 3.0
2:1 1.5:1
L70 21000
42,3 42,6

0
o
-t

1079 6;5-‘?\403
v}
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